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KEY POINTS

Delta smelt and longfin smelt are at risk

i tmpalrment of Delta outflow threatens longfm smelt Vlablllty

»l/ SIze/quallty of fall LSZ habltat threatens delta smelt Vlablllty

,LSZ and key spec:es respond posxtlvely to Delta outflow

Bay Delta Plan msufﬂcnently protecttve of smelt speaes

| 2011 exh:blts the potentlal of lmproved Plan objectlves

~ P.Coulston
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SMELT SPECIES ARE AT RISK:
Listing Actions Since 2006

= Jan. 2010: Delta smelt threatened - endangered (CESA) |

= Apr. 2010 Delta smelt warrant endangered status (ESA)
' ’Apr 2010 Longfm smelt hsted as threatened (CESA) .

Apr 2012 Longfm smelt Bay—DeIta DPS warrants hstmg (ESA)
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SMELT SPECIES ARE AT RISK:
Longfin Smelt Status

Longfin Smelt Indices From 1967-2011
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Current (2006) Bay-Delta Plan
Insufficiently Protective of Longfin Smelt

= Longfin smelt respond strongly/positively to winter-spring outflow

Sprmg outflow mcreasmgly :mpalred
Outﬂow |mpaxrment hmtts longfm smelt (and prey) productlon

Bay Delta Plan objectzves allow for very hagh Ievels of outﬂow .
. _mpalrment - » .

Longfm smelt cohort—over-cohort mcreases are rare, thus .
. populatlon Ievels are ﬂuctuatmg at very low levels |

Modest ﬂow response in 2011
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SMELT SPECIES ARE AT RISK:
Delta Smelt Status

Fall Midwater Trawl

) I .
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Good Fall Habitat Needed
for Delta Smelt Viability

Delta smelt live primarily within the LSZ

m Fall indices recently ~10% of prevrous 30 years

lncreased frequency of record low rndlces
Fall LSZ posrtlon lnﬂuences cohort survrval

. 'Strlkmg detnmental trends are ewdentm fall X2 posrtlon thus LSZ
.» »extent and cond;tlon ’ . .

- 1 EVE Delta Plan fall outflow objectrves do not guard agalnst hlgh fall
. ;;X2 lrrespectlve of water year type | |

. . }Encour}aggng:"bump» ‘l.n‘fall»ZOl»l abundérlce lndex

ED_000733_DD_NSF_00009694-00008



Recent History of Fall X2

(Avg. Sept.-Dec. X2)

1970 1980 1990 2000 2010

. ”,iAdaptednfr’c})n# F Feyréf ’9/7/1»1»tés’tim0ny_’dq»ri»n’g :li’tigation of2008 BO RPA.’» .
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Delta Smelt Recruitment
in Relation to Fall X2

(Avg. Sept.-Dec. X2)

1970 1980 1990 2000 2010
. Recru:tment Proress:o (FMWT ——> 20mm ~ FMWT)

- _z_q_@..s_z_o;; s 005900626599 >4
1295805343 . .
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2011 Smelt Flow Response

Longfin Smelt Indices From 1967-2011 . .
Longfin Smelt Recruitment
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Sources of “Additional” Information

Available . _ ,

= 2010-2012 ESA/CESA Listing Documents
2011 and early 2012 IEP indices and survey data » -
USBR fall outﬂow Adaptlve Management Plan and mdependent .

s,crence review . | »
Vanous other mdependent sc:ence rewews -

Pendmg , .
. F,LaSH Study Results . , .
»BDCP Effects Analyszs Conservatnon Measures .
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KEY POINTS

m Delta smelt and longfin smelt are at risk

T tmpalrment of Delta outflow threatens longfm smelt V|ab|llty
»l/ SIze/quallty of fall LSZ habltat threatens delta smelt Vlablllty
,LSZ and key spec:es respond posxtlvely to Delta outﬂow

Bay Delta Plan msufﬂcnently protecttve of smelt SpEClES '

» 2011 exh:blts the potentlal of lmproved Plan objectlves .
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WHAT’S NEXT

Adaptive Management
= Why (complex adaptive system)
Adaptuve Management model is well vetted

| ,E;; Where we are (cenceptually) in th:s process .

" ,t:,What we need out of WQCP

. ;Chmate Change
.o Stages of response

~ John Shelton
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Complex Systems

Ecological Systems tend to
be Non-linear

| Ecosystem State

Conditions

Thns Non- Imeanty can be
pronounced ‘

 Ecosystem State

 Conditions ~ Modified from: Scheffer, M., Brock, W. & .
... \Neslley E 2000 Seocipeconomic mechanisine
. ' ' . . ~_ preventing optimum use of ecosystem services:
The arrows mdlcate the dlrection of change . _an interdisciplinary theoretical analySlS
when the system 15 s out of eqmlibnum . Ecosystems 3 451-471 -
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Ecosystem State

Critical Transitions - Hysterisis

Ecosystem
Equilibrium States

_ Conditions

~Conditions

Hysteresis occurs when there is a fold of
the “equilibrium line” that results in:
_ Different “paths” of change
Tlppmg pomt charactenstlcs . .

, » Further folding of the equahbnum line can
;’lead to irrevers:ble system dynamlcs ’

~ Modified from: Scheffer, M., Brock, W. &
Westley, F. 2000. Somoeconomlc mechamsms
preventing optimum use of ecosystem services:
___an interdisciplinary theoretical anaiysxs
‘ Ecosystems 3, 451-471
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Complex Adaptive Systems

Nonlinear Interactions
= Multiple individual parts undergoing simultaneous nonlinear interactions
= Emergent behavior is more than the sum of the parts

| Aggregate Behavior

= Impact of the system is its aggregate behawor . .
o= Aggregate behav;or feeds back to the parts and modufres thelr behavuor

a.i.Change | |

- mteractron of the. parts evolves over trme

e Parts may face perpetual novelty . .,,
Typlcally operate far from optlmum and far from equmbnum .

‘ »»,Antiapatlon . .
= |ndividual parts anticipate the consequences ol thelr responses
Aggregate anticipation affects the system S behavnor
s the Ieast understood property of such systems

, ,Modtﬁed from: Hoﬂand J. H. 1975. Adaptatlon in Natural and An‘:ﬁcral .
__ Systems: An Introductory Analysis with Apphcat;ons to Blology, Control and

 Antificial Inteligence, USA' MIT Press
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Adaptive Management

The Delta Independent Science Board
noted that the Delta Plan provides:

v an excellent description of
o adaptive management.
_ Y'Represents an effective
: __synthesis of the exlstmg
}Cormmnﬁcate} » »» ltterature

current
_understanding

- }v’ Is presented in a manner that
5 mstructlve

synthesize ;
evaluate

: From Delta Stewardshsp Councn 2012.
Final Staff Draft of the Delta. Pian ”
Available onlme

Accessed 8/10/12.
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_From: Pahl-Wostl C. 2009. A conceptual framework for

_analyzing adaptive capacity and multi-level learning
processes in resource governance reg;mes Glob

, Enwron Change 19 354-—365
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Scope and Scale of Adaptation to
Climate Change

f: , Y:Tixm'e;v&VEffort'typicaHyv required

~ Modified from: Moser SC, Ekstrom JA. 2010 Aframework ;
~ todiagnose barriers to climate change adaptatlon Proc
Natl Acad SCI USA 107: 22026—22031 '
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Summary

Adaptive Management
m Delta is a Complex Adaptive System
= Reqmres Adaptlve Management .
u Adaptlve Management Model is well accepted

- Delta Ecosystem Management
= ”Transformed" by Delta Reform Act & Co Equal Goals
" Current Processes need to "Re Frame” . .
= Need clear objectwes to have effectlve Pohcy Cycle

,C'hmate Change

. " Response related to Tlme Honzcn .
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SWRCB San Francisco
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Key points

Please see April 20’12 key points

2. We suggest the Board model a range of ﬂow objectlves that -
»could be mcorporated mto the WQCP » -

‘OMR flows contrlbute o the entramment nsk of adult delta .
j,smelt ' - - . . |

.OMR ﬂows drtve entramment of Iarval delta smelt
tl\/lultiple factors have contnbuted to the long term degredatlon

~ ofthe LSZ. However, Delta outflow is still an extremely
. ;;mportant aspect of habttat suxtablhty for delta smelt .
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NEW SCIENCE REGARDING
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High adult delta smelt salvage usually
happens when OMR flows are negative
and turbidity is high

Delta Smelt Salvage rate (daily) Dec-Mar 1988-2009

Gsalrareavy

& DWR wrigger
o sabeage

provious 3 dey me turbidity

~ Source: Declaration of Dr. Richard Deriso
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Time scale affects OMR-salvage linkage: a
direction for adaptive management

Time step (days) Starting OMR Turbidity
(cfs) threshold (NTU)

Alternative OMRI

13

23

25

29

No threshold

- Source USFWS unpubl:shed data  " -

_ analysis
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NEW SCIENCE]REGARDING
LARVAL DELTA SMELT ENTRAINMENT
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Modeling and data agree on driver of larval
delta smelt entrainment

1 v 1
® Particle Tracking Model
L 95 Delta Smelt Data
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Predicted Percent Loss

Figure 16. Larval/juvenile delta smelt. Predicted percent loss
to the population by regression using log of Delta inflow and
log of export flow as predictors {with interaction), and parti-
cle-tracking model results as the dependent variable (circles),
with the line indicating a 1.1 relationship. The regression is:

- SoUrCé:,Kimmerer»’(ZOOB), S,an:»Ffa:n»C'is’Co fE»s’,tuary»*ahd Watérsh‘éd Scnence =
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OMR flow drives larval delta smelt
entrainment

¥
~ OO0

, V,Kviv'mme,revr‘ 2008 'o,rb'eortvi()hal loss prediction

Average OMR ﬂow (cfs) March— .
June ’» . ,

Source USFWS unpubhshed data
_ analyss
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Entrainment can contribute to delta
smelt decline

‘Source:

~ Kimmerer

~ (2011) San

- Francisco

and

- Watershed

_ Science

Estuary

Regression Slope

20 40 60
Maximum Percent Loss P

T

Historical

Shrmulated

Simulated MWT Index

;980
Year
Figure 3 Results of simulation of ability to detect export
loss through regression analysis. Upper panel; individual
simulation results giving the slope {thick blue line} and 95%
confidence limits (thin red lines) for regressions of the stock-
recruit index on southward OMR flow. Lower panel: trajectory
of the fall midwater trawl index {upper line} and the same
index with a 20% Py value imposed for the entire time
series {mean P ~10%). This is for illustration only {see text},
and does not imply anything about the cause of the decline in
delta smelt.
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NEW SCIENCE REGARDING
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Time series of summer-fall Delta
inflow
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Time series of summer-fall exports
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Time series of summer-fall E:l ratios
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Feyrer et al. (2011)

Fall habitat suitability
has declined

’_*Fall habltat su:tab:hty is :, .
~closely, but nonhnearly -

| related to X2

"‘Fall habltat su:tabxhty
~ correlated thh
*;]abundance

Habitat index

1600-
1200
800
400
0

Abundance index

2000 4000 6000 8000 10000

Habitat index

Fig. 2 Plots of the habitat index time series (a), relationship between
X2 (km) and the habitat index (b}, and refationship between the habitat
index and delta smelt abundance measured as the fall midwater trawl

index. Curves are LOESS smooths
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Key points

Please see April 2012 key pomts

7. We suggest the Board model a range of flow objectlves that |
could be mcorporated into the WQCP

3 .d‘OMR flows contnbute to the entramment nsk of adult delta . -

jsmelt
4. f’»OMR flows dl‘lVE entramment of larval delta smelt
| ,l\/lult:ple factors have contrlbuted to the long-term degredatlon .

~ of the LSZ. However, Delta outflow is still an extremely
. 1mportant aspect of habltat smtablhty for delta smelt .
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SWRCB San Francisco Estuary low-salinity zone workshop

U.S. Environmental Protection Agency
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Outline

o Clean Water Act
New mformatlon

Bay Delta Basm Plan
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Clean Water Act

Water Quality Standards

af g

ED_000733_DD_NSF_00009694-00039



New Information

EPA SF Bay Delta Action Plan

Aquatic life beneficial uses are not adequately protected

|} ll ‘ ] ‘ IIII l. l "l »
EJ S IO A ) B 1 LI A T B T T
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1988 1995 2002 2009 1967 1974 1981 198% 1095 2002 2009

14000 E
12000 -
10006 -

074 1smL 1088 2002 2008 1967 1974 191 1988 1985 2002 2009
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EPA SF Bay Delta Action Plan

. First Priority: Update flow standards

-}.’j_’Other priorities: Delta RMP, TMDL
- Selenlum objectlves pest|C|de pollutlon

. :TF Iow standards are essentlal for success of
* other efforts ...
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New Information

Evaluation & Support for X2

National Research Council (2012)

a.Bay Shrimp{ | b. Starry Flounder-
/

[
- N W B

- SF Bay and Delta estuarine
~_species are more abundant
- whenthe LSZ is further
downstream |

. X2 continues to L valid
~ foundation for WQS i m the SF
= J,Bay Delta estuary ’

€. Delta smelt
a. Splittail

Leg Abundance or Survi\zet Index

b 1 B = 4 ,

Kimmerer ZOOZMERS }»
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New Information

3D LSZ Modeling & X2

LSZ =7703 ha
1-2 PSU = 4107 ha

Daily-average Depth-averaged Salinity
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Location of LSZ

o R0 ki




LSZ = 4262 ha
1-2 PSU = 1587 ha

Daily-average Depth-averaged Salinity

& 1 285 b

——
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LSZ =9139 ha
1-2 PSU = 2227 ha

Daily-average Depth-averaged Salinity
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New Information — 3D Modeling

Low Salinity Zone

- 65 km = X2 = 74 km

- Access to food and turbldtty are maxrmlzed
Surface area |s max:mlzed .- .

x2 > 85 km .
Access to! food and turbldlty are hmlted
Surface area rs mmlmlzed .
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New Information

LSZ is important year-round
Fall

a.Bay VShrimp- - N ’b Starry Flounder

- N W b
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LSZ is important year-round

Longfin Smelt Highest since 2006
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Low Salinity Zone in the Fall.
(September-October)

ED_000733_DD_NSF_00009694-00050



1-2 PSU = 2227 ha

Daily-average Depth-averaged Salinity
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Changes to Bay-Delta Plan
Start with existing recommendations

Table 20. Delta Qutflow Summary Criteria

Delta Qutflows

Category A

Water Year Criteria

. 1} Net Delta Outflows: 75% of 14-day average unimpaired flow

Category B

Water Year | eriter:
TTE W AM T T ATS Chteria

| 2) Fallx2
" a. Wetyears: X2 less than 74 km
{greater than approximately 12,400 cfs)

b.  Above normal years: X2 less than 81 km
] {greater than approximately 7,100 cfs
3} Net Delta Outflows: 2006 Bay-Delta Plan Delta Outfiow

Objectives - applies dumg critical, dry, and below normal years
Basis for Criteria and Explanation

1} Promote increased abundance and improved productivity (positive population growth)
for longfin smelt and other desirable estuarine species

2} Increase quantity and quality of habitat for delta smelt; fall X2 requirement fimited to
above normal and wet years {o reduce potential conflicts with cold water pool storage,
while promaoting variability with respect to fall flows and habitat conditions in above
normal and wet water year types; expected to result in improved conditions for delta
smelt, however, the statistical relationship between fall X2 and abundance is not
strong; note 2} above regarding need for improved understanding conceming the fall
X2 action also applies

3} Fish and wildlife beneficial use protection




Connect Flow to Essential Habitat Elements

~ Net Delta Outflow at
65 % Unimpaired flow

Daily-average Depth-averaged Salinity

35 % Unimpaired fow |

Daily-average Depth-averaged Salinity
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EPA Summary

. »Aquatlc li_fe beneficial uses are not adequately protected.

. AT abundance relattonshlps have overwhelmlng scnenttflc -

. Resndent LSZ spemes requxre year—round habttat

’».’»”;”Connect percent unlmpalred flows to habttat elements

,’,‘:The Bay Delta Plan update needs to prowde better
. protectlon for aquatlc habltat . |
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